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A transmission unit of a radio apparatus generates a packet
including: a header part containing identifier data identitying
at least a transmission destination radio station and a trans-
mission source radio station; and a data part in which an
audio frame and a data frame, each having a predetermined
length, are consecutively arranged one after another. When
communication 1s performed in a fast data mode 1 which
data for data communication to be transmitted, instead of a
digital audio signal, i1s inserted in the audio frame, the
transmission unit generates, according to an instruction from
the controller, a packet in which data for data communica-
tion 1s 1nserted 1in the audio frame and the data frame, and the
transmission unit converts the packet into a radio signal and
transmits the radio signal.
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RADIO COMMUNICATION SYSTEM, RADIO
APPARATUS, RADIO COMMUNICATION
METHOD, PACKET GENERATION
METHOD, AND METHOD FOR
REPRODUCING DATA FROM PACKET

CROSS REFERENCE TO RELATED
APPLICATIONS

The disclosure of Japanese Patent Application serial No.
2015-30811, filed on Feb. 19, 2015, including the specifi-
cation, drawings and abstract 1s incorporated herein by
reference in 1ts entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a radio communication
system employing digital audio communication, a radio
apparatus used 1n the system, and a radio communication
method, a packet data generation method, and a method for
reproducing data from a packet, that correspond to the
system.

Description of the Related Art

In recent years, a digitized and networked environment
for audio communication has been developing in the field of
amateur radio for example, so that the users can enjoy
communication at higher speed and exchange clearer audio
messages. In a radio communication system employing such
digital audio communication, audio signals are encoded and
converted into digital signals, and are transmitted after being
packetized ({or example, see JP 2006-157477A).

In the atorementioned radio communication system, data
indicating a call sign of the transmission destination, data
indicating a call sign of the transmission source, etc. are
added to the header part of the packet, and accordingly the
system can achieve many functions such as the function of
performing communication with the designation of the com-
munication party station, which cannot be achieved by
analogue radio communication systems.

Furthermore, according to the atorementioned radio com-
munication system, audio frames and data frames, each
having a predetermined length, are consecutively arranged
one after the other, so that data for audio communication and
data for data communication can be simultaneously trans-
mitted.

Therefore, with use of this function, 1image signals cap-
tured by a camera can be transmitted from one radio
apparatus to another radio apparatus during communication,
so that the 1mage 1s displayed on a display and the users can
enjoy a conversation while seeing the image, for example.

However, the alorementioned conventional radio commu-
nication system 1s designed for audio communication, and
the amount of data that can be transmitted in data commu-
nication 1s set to be smaller than the amount of data that can
be transmitted by audio communication, and the communi-
cation speed of the data communication 1s not necessarily

high. Therefore, improvement has been demanded.

BRIEF SUMMARY OF THE INVENTION

The present mnvention 1s made 1n view of such a situation,
and aims to provide a radio communication system that can
increase the communication speed of data communication.

A radio communication system according to the present
invention 1s a radio communication system including at least
two radio apparatuses,
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2

cach radio apparatus comprising:

a transmission unit configured to generate a packet includ-
ing: a header part containing identifier data 1dentifying at
least a transmission destination radio station and a transmis-
s10n source radio station; and a data part 1n which an audio
frame and a data frame, each having a predetermined length,
are consecutively arranged one after another, to 1nsert audio
signal data mnto the audio frame of the packet and to msert
data other than the audio signal data into the data frame of
the packet, and to thereafter convert the packet into a radio
signal and transmit the radio signal;

a reception unit configured to receive the radio signal, to
reproduce a packet from the radio signal, to retrieve the
audio signal data from the audio frame of the packet, and to
retrieve the data other than the audio signal data from the
data frame of the packet;

an audio codec configured to generate a digital audio
signal by performing A/D conversion and encoding on an
analogue audio signal and thereafter transmit the digital
audio signal to the transmission unit, and to reproduce an
analogue audio signal by performing decoding and D/A
conversion on a digital audio signal received from the
reception unit; and

a controller configured to 1nstruct the transmission unit to
generate a packet, and to instruct the reception unit to
reproduce a packet from a received radio signal,

wherein, when communication 1s performed 1n a fast data
mode 1n which data for data communication to be transmit-
ted, mstead of audio signal data, 1s inserted in the audio
frame,

the transmission unit of a radio apparatus serving as a
sender generates, according to an instruction from the con-
troller, a packet in which data for data communication 1s
inserted 1n the audio frame and the data frame, and infor-
mation 1ndicating that the data for data communication 1s
inserted in the audio frame 1s further inserted in a predeter-
mined position in the data frame, and

the controller of a radio apparatus serving as a recipient,
which has received a radio signal, analyzes the information
inserted 1n the predetermined position in the data frame of
the packet reproduced by the reception unit, to determine
that the data for data communication 1s mserted 1n the audio
frame, and according to a result of the determination,
retrieves data from the audio frame and the data frame of the
packet and reproduces the data for data communication.

A radio apparatus according to the present invention 1s a
radio apparatus comprising;

a transmission unit configured to generate a packet includ-
ing: a header part containing identifier data 1dentifying at
least a transmission destination radio station and a transmis-
s1on source radio station; and a data part 1n which an audio
frame and a data frame, each having a predetermined length,
are consecutively arranged one after another, to 1nsert audio
signal data into the audio frame of the packet and to insert
data other than the audio signal data into the data frame of
the packet, and to thereafter convert the packet into a radio
signal and transmit the radio signal;

an audio codec configured to generate a digital audio
signal by performing A/D conversion and encoding on an
analogue audio signal and thereafter transmit the digital
audio signal to the transmission unit; and

a controller configured to 1nstruct the transmission unit to
generate a packet,

wherein, when communication 1s performed in a fast data
mode 1n which data for data commumnication to be transmit-
ted, mstead of audio signal data, i1s mnserted in the audio
frame,
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the transmission unit generates, according to an instruc-
tion from the controller, a packet 1n which data for data
communication 1s 1serted in the audio frame and the data
frame, and information indicating that the data for data
communication 1s inserted 1n a predetermined position in the
audio frame 1s further inserted in the data frame.

A radio communication method according to the present
invention 1s a radio communication method for a radio
communication system including at least two radio appara-
tuses, one of the at least two radio apparatuses being
configured to generate a packet including: a header part
containing 1dentifier data identifying at least a transmission
destination radio station and a transmission source radio
station; and a data part 1n which an audio frame and a data
frame, each having a predetermined length, are consecu-
tively arranged one after another, and to convert the packet
into a radio signal and transmit the radio signal, and another
one of the at least two radio apparatuses being configured to
receive the radio signal and reproduce a packet from the
received radio signal, the radio communication method
comprising the steps of:

with a radio apparatus serving as a sender,

generating a packet in which data for data communication

1s 1nserted 1n the audio frame and the data frame, and
information indicating that the data for data commu-
nication 1s mserted in the audio frame 1s inserted 1n the
data frame; and

converting the generated packet into a radio signal and

transmitting the radio signal, and

with a radio apparatus serving as a recipient,

receiving the radio signal;

reproducing a packet from the received radio signal;

analyzing information that 1s inserted in the data frame of

the reproduced packet to determine whether or not data
for data communication 1s inserted in the audio frame;
and

when determining that the data for data communication 1s

inserted 1 the audio frame, retrieving data from the
audio frame and the data frame of the packet and
reproducing the data for data communication.

A packet generation method according to the present
invention 1s a packet generation method for a radio appara-
tus that performs communication with another radio appa-
ratus by using a packet that includes: a header part contain-
ing 1dentifier data 1dentifying at least a transmission
destination radio station and a transmission source radio
station; and a data part 1n which an audio frame and a data
frame, each having a predetermined length, are consecu-
tively arranged one after another, the packet generation
method comprising the steps of:

inserting data for data communication into the audio
frame and the data frame; and

inserting, into the data frame, information indicating that
the data for data communication 1s inserted in the audio
frame.

A method for reproducing data from a packet performed
by a radio apparatus according to the present invention 1s a
method for reproducing data from a packet performed by a
radio apparatus that 1s configured to receive a radio signal
containing a packet generated by the above-described packet
generation method, and to reproduce the packet from the
radio signal, the method comprising the steps of:

analyzing information that 1s inserted in the data frame of
the reproduced packet to determine whether or not data for
data communication 1s inserted in the audio frame; and
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4

when determining that the data for data communication 1s
inserted 1n the audio frame, retrieving data from the audio
frame and the data frame of the packet and reproducing the
data for data communication.

Employing the radio communication system according to
the present mvention increases the communication speed of
data communication, and achieves higher speed transmis-
sion of data for data commumnication compared to conven-
tional radio communication systems.

Also, the functions realized by the above-described radio
communication system can be realized by the radio appa-
ratus, the radio communication method, the packet genera-
tion method, and the method for reproducing data from a
packet according to the present invention, using a similar
configuration or method.

These and other objects, features and advantages of the
present invention will become more apparent upon reading
of the following detailed description along with the accom-
panied drawings.

BRIEF DESCRIPTION OF TH.

(L]

DRAWINGS

FIG. 1 1s a block diagram showing a configuration of a
radio apparatus according to an embodiment of the present
invention.

FIG. 2 1s a diagram showing a configuration of a packet
transmitted by a radio apparatus.

FIG. 3 1s a diagram showing types of data to be inserted
in frames of the data part of a packet.

FIG. 4 1s a diagram showing an arrangement of radio
apparatuses and repeaters 1 a radio communication system
according to an embodiment of the present imvention.

FIG. 5 1s a flowchart showing processing performed by a
controller from the start to the end of a packet transmission
in a fast data mode.

FIG. 6 1s a diagram showing types of data to be nserted
in a packet 1n the mode.

FIG. 7 1s a flowchart showing processing performed by
the controller of a radio apparatus that has received a packet.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

The following describes a radio communication system
according to an embodiment of the present invention, with

reference to the drawings.

Measures to Increase Communication Speed of
Data Communication

First, a description 1s given of a measure adopted in the
present imvention to increase the communication speed of
data communication. The present mvention increases the
communication speed of data communication by inserting
data to be transmitted in data communication nto audio
frames used for transmitting audio signal data.

In the following description, the communication mode 1n
which audio signal data is inserted into audio frames 1s
referred to as “slow data mode”, and the communication
mode 1n which data for data communication 1s 1nserted into
audio frames 1s referred to as “fast data mode”, based on the
difference 1n communication speed of the data communica-
tion.

When a transmission 1s performed 1n the fast data mode,
which 1s selected from the above-described two communi-
cation modes, the receiver does not reproduce a sound and
becomes silent. Therefore, 11 a device for displaying the
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communication data 1s not connected to the radio apparatus,
there will be no way to distinguish between communication
in the fast data mode and silent communication.

Furthermore, when a conventional radio apparatus that
does not support the fast data mode recerves a fast data mode
packet, the radio apparatus cannot reproduce the data for
data communication from the packet, and accordingly the
user may misidentily the communication as silent interfer-
ential communication.

For this reason, according to the present invention, the
radio apparatus that has received radio signals 1n the fast
data mode 1s caused to output a beep sound at constant
intervals, from 1ts speaker, 1n order to notify the user that
communication 1s performed 1n the fast data mode.

Therefore, the user of the radio apparatus (the communi-
cation party station) that has received radio signals can
casily recognize that communication 1s performed in the fast
data mode, from the beep sounds that are output periodically.
This effect 1s beneficial particularly when a radio apparatus
not supporting the fast data mode receives radio signals.

Configuration of Radio Apparatus

Next, with reference to FIG. 1, a description 1s given of
a radio apparatus used in a radio communication system
according to the present embodiment. A radio apparatus 1
includes a microphone 11, a speaker 12, an AF amplification
unit 13, an audio codec 14, a transmission umt 15, a
transmission/reception switching unit 16, an antenna 17, a
reception unit 18, an intertace umt 19, a controller 21, an
operation unit 26, and a display unit 28. In the drawing, thick
arrows indicate the flow of an audio signal, data, etc., and
thin arrows indicate the flow of a control system signal.

The microphone 11 generates an analogue audio signal
from an audio 1nput, and outputs the audio signal to the AF
amplification unit 13. The speaker 12 converts an analogue
audio signal output from the AF amplification unit 13, to a
sound.

The AF (Audio Frequency) amplification unit 13 ampli-
fies an analogue audio signal mnput from the microphone 11,
and supplies the resultant signal to the audio codec 14. The
AF amplification unit 13 also amplifies an analogue audio
signal of a reception sound supplied from the audio codec
14, and outputs the resultant signal to the speaker 12.

The audio codec 14 performs an A/D (analogue/digital)
conversion and encoding on an analogue audio signal sup-
plied from the AF amplification unit 13, and outputs the
resultant signal to the transmission unit 135. The audio codec
14 also decodes, and furthermore performs a D/A (digital/
analogue) conversion on, a digital audio signal supplied
from the reception unit 18, and outputs the resultant signal
to the AF amplification unit 13.

The transmission umt 15 adds a header for radio com-
munication to a digital audio signal supplied from the audio
codec 14, and also generates a packet for transmission as
shown 1n FIG. 2, based on an output from a PTT switch 27
described later. The configuration of the packet will be
described later 1in detail, with reterence to FIG. 2. The
transmission unit 15 furthermore modulates a carrier wave
by using digital data contained in the packet, and transmits
the resultant wave from the antenna 17 via the transmaission/
reception switching unit 16.

The transmission/reception switching unit 16 delivers the
transmission signal from the transmission unit 15 to the
antenna 17 when the PTT switch 27 1s pressed and turned
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6

ON, and delivers the reception signal of the antenna 17 to the
reception unit 18 when the PTT switch 27 1s released and

turned OFF.

The reception umit 18 changes the reception frequency
according to an instruction signal from the controller 21,
amplifies the reception signal obtained by tuning to the
reception Irequency, and furthermore, demodulates the
resulting signal to reproduce a packet. Then, the reception
unit 18 removes the header part from the reproduced packet,
and supplies the audio data to the audio codec 14 and
supplies the other data (e.g., packet data of an 1image signal,
¢tc.) to the interface unit 19.

The interface unit 19 1s connected to an external device 31
(e.g., a personal computer or a smartphone) via an external
connection terminal 20 and to a device 32 (e.g., a GPS
receiver) that 1s built into the radio apparatus, and supplies
packet data supplied from the external device 31 and the
built-in device 32, such as an image signal, to the transmis-
s1ion unit 135 and the controller 21. The interface unit 19 also
supplies packet data supplied from the reception unit 18, to
the external device via the external connection terminal 20.

The controller 21 controls the operation of the radio

apparatus 1. The controller 21 includes a CPU (Central
Processing Unit) 22, a ROM (Read Only Memory) 23
storing a program operating on the CPU 22, a RAM (Ran-
dom Access Memory) 24 serving as a work memory for the
CPU 22, and a non-volatile memory 23 storing data such as
a call sign.

The operation unit 26 conveys various sorts of inputs and
user 1nstructions to the controller 21. The operation unit 26
includes the P1T (Push To Talk) switch 27 and a mode
switch 33 that 1s for switching between communication
modes. When the PT'T switch 27 1s pressed (turned ON), the
transmission/reception switching unit 16 switches to the
transmission mode and a transmission from the antenna 17
1s performed, and when the PTT switch 27 1s released
(turned OFF), the transmission/reception switching unit 16
switches to the reception mode and the reproduction of the
received audio signal 1s performed.

The display unit 28 includes a liquid crystal display or the
like, and 1s used for displaying various sorts of data. The
screen of the display unit 28 displays, for example, infor-
mation indicating that the radio apparatus 1 has recerved
amateur radio signals (there has been a call), and call signs
or nicknames of the transmission source (the user’s own
station) and the transmission destination (the communica-
tion party station).

The radio apparatus 1 according to the present embodi-
ment 1s also equipped with an audio encoder 29 for gener-
ating a beep sound, separately from the above-described
general-purpose components. The audio encoder 29 gener-
ates coded data of a beep sound for notification to the user,
and generates a beep sound according to an 1nstruction from
the controller 21, and transmits the data of the beep sound
to the transmission unit 15.

Configuration of Packet

Next, with reference to FIG. 2 and FIG. 3, a description
1s given ol the configuration of a packet generated by the
transmission unit 15. The configuration of the packet shows
the order and the grouping of a series of data pieces to be
transmitted 1n digital audio communication.

As shown 1n FIG. 2, a packet Pa includes a header part Ph
and a data part Pd. The header part Ph includes a synchro-
nization signal hl, a flag h2, a transmission destination
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repeater call sign h3, a transmission source repeater call sign
h4, a transmission destination call sign hS, and a transmis-
sion source call sign h6.

The synchronization signal hl i the header part Ph 1s
used for synchromization with the reception signal, and
indicates the starting point of the signal. The flag h2 1s data
for indicating communication via a repeater, direct commu-
nication, a repeater control signal, etc., and 1s composed of
a plurality of bits.

The transmission destination repeater call sign h3 1s, for
example, the call sign of a repeater station within the
repeater area to which the transmission destination radio
station belongs, and the transmission source repeater call
sign h4 1s a call sign of a repeater station within the repeater
area to which the transmission source radio station belongs.
The transmission destination call sign hS 1s the call sign of
the communication party station at the destination of the
transmission, and the transmission source call sign hé is the
call sign of the user’s own station. These call signs (h3 to h6)
serve as 1dentifiers for 1dentifying the radio stations at the
transmission destination and the transmission source, as well
as the repeater stations that relay the radio signals. Note that
the transmission destination call sign hS may be CQ for
making a call without the designation of any particular
station.

In order to achieve the simultaneous transmission of data
for audio communication and data for data communication,
the data part Pd includes audio frames d1 and data frames
d2, which are arranged one after the other, and a clearing
frame d3 1s attached to the end. Each of the audio frames d1
has a predetermined length, and a digitized audio signal 1s
inserted into 1t. Each of the data frames d2 has a predeter-
mined length, and data sets for data communication such as
an 1mage signal and a message are inserted into 1t. The
clearing frame d3 indicates the end of the packet.

Note that the data frames d2 are periodically replaced
with a resynchromization frame d4 (e.g. every 420 ms). A
synchronization signal for synchromization with the radio
apparatus of the communication party station 1s inserted mnto
cach resynchromization frame d4.

Next, with reference to FIG. 3, a description 1s given of
data for data communication, which 1s to be inserted into the
data frames d2. FIG. 3 shows the types of data to be inserted
into each frame of the data part Pd. In this drawing, “audio”
shows that audio signal data i1s inserted in the frame, and
“data” shows that data for data communication 1s inserted 1n
the frame.

Regarding the audio frames d1 and the data frames d2
constituting the data part Pd, the data amount of the audio
frames d1 1s set to be greater than the data mount of the data
frames d2, because the transmission of audio signal data 1s
given a high priority. Usually, 9 bytes of data 1s inserted into
cach of the audio frames d1, and 3 bytes of data 1s nserted
into each of the data frames d2.

Furthermore, a mini-header dS5, which i1ncludes the
description of the data type, etc., 1s inserted 1n the beginning
of the data frame d2. However, if the mini-header d5 1s
provided 1n every data frame, the amount of data that can be
inserted 1n the data frame will be smaller, and therefore one
mini-header dS 1s mserted 1n one data frame out of every two
data frames.

Therefore, as shown 1n FIG. 3 at the lower level, when
generating the packet Pa, communication data for data
communication 1s divided into 5-byte portions, and 1-byte
mini-header d5 1s added to the beginning of each portion so
as to compose a data block, and after that, the data block 1s
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divided into 3-byte portions, and these portions are respec-
tively inserted into two adjacent data frames d2.

Then, information indicating the data type and the data
length 1s written 1into each mini-header d5. The data length
indicates the length of the eflective data inserted 1n a single
data block. For example, suppose the case of transmitting
general-purpose data having a data length of 13 bytes, such
as 1mage data. First, when the data to be transmitted 1is
divided into 5-byte portions as described above, the data will
be divided into three portions, namely 3-byte portion, 5-byte
portion, and 3-byte portion. Then, the mini-header dS 1s
added to the beginning of each of these data portions. Here,
if the information indicating the general-purpose data such
as 1mage data 1s 0x3 for example, the mim-header d5 added
to each of the first and second data blocks 1s 0x35, and the
mini-header dS added to the third data block 1s 0x33.

The controller 21 (see FIG. 1) retrieves, via the interface
unit 19, the data indicating the data type, etc., from the data
for data communication transmitted from an external device
(not shown in the drawings) connected to the terminal 20,
and stores the retrieved data to the RAM 24. Also, when the
transmission unit 15 generates packets for transmission, the
controller 21 reads the atorementioned data from the RAM
24 and transfers 1t to the transmission unit 135. In the
transterred data, the information indicating the data type 1s
written 1nto the mini-header dS.

Meanwhile, when reproducing the data for data commu-
nication from the packets Pa reproduced by the reception
unmit 18, the reverse of the atorementioned process 1s per-
formed, 1.e., based on the information 1n the mini-header d5,
a 5-byte communication data portion is retrieved from the
data contained in two data frames d2, the data for data
communication 1s reproduced by concatenating the 3-byte
communication data portions with each other, and the data
for data communication 1s transmitted to an external device
via the interface unit 19.

Operations for Communication 1n Slow Data Mode

As described above, the radio apparatus according to the
present embodiment can perform communication i two
modes, the slow data mode and the fast data mode. First, a
description 1s given of the operations for communication in
the slow data mode, with reference to FIG. 1 to FIG. 3.

The operation unit 26 has a mode switch 33 for switching
between the communication modes, and the user can select
cither the slow data mode or the fast data mode by operating
the switch 33. The slow data mode 1s selected when com-
munication 1s performed with a conventional radio apparatus
that has no option for a communication mode, or when no
data for data communication needs to be transmitted, for
example. Note that, the mode switch 33 may be other than
the switch. For example, switching between the modes may
be 1nstructed from a menu screen displayed when a menu
button or the like 1s pressed.

As a typical case where the slow data mode 1s used, the
following describes the case where a radio apparatus (the
user’s own station) within a given area makes a call to a
radio station (the communication party station) within
another area.

FIG. 4 shows an arrangement of radio apparatuses and
repeaters 1n a radio communication system according to the
present embodiment. A radio communication system 100
includes at least two radio apparatuses 1 and at least one
repeater 3. In the example shown 1n FIG. 4, radio appara-
tuses 1la, 1b, and 1c exist within an area 2a covered by a
repeater 3a, and radio apparatuses 14 and 1e exist within an
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area 2b covered by a repeater 35. The adjacent repeaters 3a
and 35 transmit audio and data in a multiplexed state to each
other by using microwaves.

The following describes a case 1n which the radio appa-
ratus 1a within the area 2a and the radio apparatus 14 within
the area 256 communicate with each other. Before starting the
communication, the user operates the operation unit 26 of
the radio apparatus 1a in order to store, to the non-volatile
memory 25, information necessary for the communication,
such as the call sign of the transmission source (the user’s
own station) and the call signs of the repeater stations.

When starting the communication, the user operates the
operation unit 26 of the radio apparatus 1a 1n order to make
a call with the designation of the call sign given to the
transmission destination radio station and the call sign of the
transmission destination repeater.

When the user presses the PTT switch 27, the information
input from the operation unit 26 1s provided to the trans-
mission unit 15 by the controller 21, and the transmission
unit 15 generates a packet according to an instruction form
the controller 21. As shown 1n FIG. 2, the header part Ph of
the packet Pa contains the call sign h3 of the transmission
destination repeater, the call sign h4 of the transmission
source repeater, the call sign hS of the transmission desti-
nation (the communication party station), and the call sign
h6 of the transmission source (the user’s own station).

Within the data part Pd of the packet Pa, audio signal data
output from the audio codec 14 1s inserted into the audio
frames d1, and data for data communication transterred from
the 1nterface unit 19 1s mserted into the data frames d2.

The packet Pa generated and converted into radio signals
by the transmission unit 135 are transmaitted via the transmis-
sion/reception switching unit 16 and the antenna 17. The
packet Pa transmitted by the radio apparatus 1a (the user’s
own station) 1s relayed by the repeaters 3a and 3b, and
reaches the radio apparatus 14 (the communication party
station).

The radio signals received by the radio apparatus 14 (the
communication party station) are provided to the reception
unit 18 via the antenna 17 and the transmission/reception
switching unmit 16, and are demodulated by the reception unit
18, and thus the packet Pa 1s reproduced. Furthermore, the
header part Ph 1s removed from the packet Pa reproduced by
the reception unit 18, and the data part Pd 1s provided to the
audio codec 14 or the intertace unit 19, depending on the
contents of the data part Pd.

Audio signal data provided to the audio codec 14 1s
decoded, and 1s furthermore converted into an analogue
audio signal, and 1s then provided to the AF amplification
unit 13. The audio signal amplified by the AF amplification
unit 13 1s output from the speaker 12, and thus the voice of
the user of the transmission source 1s reproduced.

In contrast, the data for data communication obtained by
demodulating the packet shown 1n FIG. 3 1s transferred to
the external device 31 via the iterface umt 19.

Furthermore, the packet Pa reproduced by the reception
unit 18 1s provided to the controller 21. The CPU 22 of the
controller 21 determines whether or not the packet Pa thus

received 1s a valid packet, by performing ECC (Error Check
Code) check, etc.

The CPU 22 stores, to the RAM 24, the data in the header
part Ph of the packet Pa determined to be valid, and also
analyzes the information in the header part Ph. According to
the results of the analysis, the CPU 22 displays, on the
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display unit 28, the transmission destination call sign, the
transmission source call sign, etc. of the received packet Pa.

Operations for Communication in Fast Data Mode

Next, with reference to FI1G. 5, FIG. 6, and FIGS. 1 to 3
described above, a description 1s given of the operations for
communication in the fast data mode. As described above, 1n
the radio communication system according to the present
embodiment, the radio apparatus 1 that has received radio
signals 1s caused to output a beep sound at constant intervals
from the speaker 12 in order to notify the user that com-
munication 1s performed in the fast data mode.

FIG. 5 1s a flowchart for the process performed by the
controller 21 during the period from when the transmission
of the packet Pa 1n the fast data mode 1s started to when 1t
1s stopped. FIG. 6 shows types of data to be mserted 1nto the
packet Pa generated by the transmission unit 15 during the
same period.

Note that the descriptions of the operations that the user
performs before starting the communication, such as the
operation for storing the information necessary for the
communication to the non-volatile memory 25, the opera-
tion for designating the transmission destination call sign
and the call s1gn of the transmission destination repeater, and
so on are omitted, because they are the same as 1n the
communication performed 1n the slow data mode.

There are two methods for switching to the fast data
mode. The first method 1s the method by which the user
switches the mode to the fast data mode by operating the
mode switch 33 of the aforementioned operation unit 26.
This method 1s used, for example, in the case of transmitting
data for data communication accumulated in an external
device.

The second method 1s the method by which the controller
21 automatically switches the mode to the fast data mode
when the controller 21 detects that data for data communi-
cation 1s transmitted from the external device 31 or the
built-in device 32 to the mterface unit 19 under the condition
where the user 1s not pressing the PTT switch 27, 1.e., the
user 1s not making an instruction to transmit an audio signal.

Regardless of which method 1s employed, the controller
21 transmits, to the transmission unit 15, a command for
starting a transmission 1n the fast data mode (Step S1).

Upon receiving from the controller 21 the command for
starting the transmission, the transmission umt 135 starts
generating the packet Pa. Specifically, as shown in FIG. 6,
the transmission unmit 15 generates a packet in which data for
data communication 1s 1serted in each of the audio frames
dl and data frames d2. The packet Pa thus generated 1is
furthermore converted into high-frequency signals by the
transmission unit 15, and they are transmitted from the
antenna 17, as radio signals.

Note that when the fast data mode 1s selected by the
second method, carrier sensing, which 1s for determining
whether or not the transmission channel 1s used by any other
stations, 1s pertormed before transmitting radio signals, 1n
order to prevent the radio signals from colliding with other
radio signals.

As described above with reference to FIG. 3, when an
audio communication and a data communication are simul-
taneously performed in the slow data mode, 1.¢., the com-
munication mode 1n which audio signal data is inserted nto
audio frames, 9 bytes of audio signal data i1s inserted into
cach audio frame d1. Meanwhile, regarding data for data
communication, a data block composed of a communication
data portion d6, which 1s one of the divided 5-byte portions,
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and the mini-header dS added to the beginning of the
communication data portion dé6, 1s divided into two portions,
and these two portions are respectively inserted into two
data frames d2.

In contrast, in the case of using both the audio frames and
the data frames to transmit data for data commination in the
fast data mode, 1.e., the mode 1n which data for data
communication 1s inserted into audio frames, the data to be
transmitted 1s divided into 20-byte portions, and the mini-

header d5 and so on 1s added to each portion so as to
compose a block, and the data of the block i1s divided and
inserted into two adjacent audio frames d1 and two adjacent
data frames d2.

Specifically, each block 1s 24-byte data composed of
20-byte data for data communication, a 1-byte mini-header,
2-byte unique data to be inserted 1n each audio frame for
abnormal noise reduction, and 1-byte date to be 1nserted into
data frames 1n order to prevent the misdetection of packet
loss, and this data block 1s divided and inserted into two
adjacent audio frames d1 (9 bytesx2) and two adjacent data
frames d2 (3 bytesx2).

If a comparison 1s made between the case of inserting the
audio signal data into the audio frames d1 of the packet Pa
and the case of mserting the data for data communication
into the audio frames d1, the communication speed of the
latter case 1s approximately 3.5 times the communication
speed of the former case, and the data for data communi-
cation can be transmitted at high speed 1n the latter case.

The following 1s a continuation of the description of FIG.
5. When a first time period T1 has elapsed since the
controller 21 transmitted the command for starting the
communication (Yes in Step S2), the controller 21 transmits
to the audio encoder 29 a command for generating coded
data of a beep sound, and furthermore, transmits to the
transmission unit 15 a command for 1nserting the coded data
of a beep sound into the audio frames d1 (Step S3). Here, the
first time period T1 indicates the period of the cycle of beep
sounds.

Upon receiving from the controller 21 the command for
inserting a beep sound, the transmission unit 15, as shown 1n
FIG. 6, waits until the breakpoint of the block of the data for
data communication, and then inserts the data of a beep
sound output from the audio encoder 29, into the audio
frames dl1.

When a second time period T2 shorter than the first time
period T1 has elapsed after the controller 21 transmuitted, to
the transmission unmit 15, the command for 1nserting a beep
sound (Yes 1n Step S4), the controller 21 transmits to the
transmission unit 15 a command for returming to the fast data
mode, and also transmuits to the audio encoder 29 a command
tor stopping the generation of a beep sound (Step S35). Here,
the second time period 12 indicates the period during which
beep sounds are emitted.

Hereatter, returning to the original mode, the transmission
unit 15 generates a packet 1n which data for data commu-
nication 1s mserted in each of the audio frames d1 and data
frames d2.

Subsequently, the controller 21 checks the reception sta-
tus of the data for data communication received by the
interface unit 19 (Step S6), and when the data reception 1s
still continuing (No 1n Step S6), the process returns to Step
S2, and the controller 21 repeatedly transmaits the command
for inserting the coded data of a beep sound to the trans-
mission unit 15, and the command for generating the coded
data of a beep sound to the audio encoder 29, at intervals of
the first time period T1.
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On the other hand, when the reception of the data for data
communication by the interface unit 19 1s interrupted at the
end of the data (Yes in Step S6), the controller 21 transmits
to the transmission umt 15 a command for stopping the
transmission (Step S7). Upon receiving the command for
stopping the transmission, the transmission unit 15 inserts
the clearing frame d3 into the packet Pa as shown 1n FIG. 6,
and stops the generation and transmission of packets.

Although not shown 1n the flowchart in FIG. 5, when the
user presses the PTT switch 27 during a communication in
the fast data mode, the priority 1s given to the operation of
the PTT switch 27, and the controller 21 detects the signal
from the operation unit 26 and switches the communication
mode to the slow data mode.

Specifically, the controller 21 transmits to the transmis-
sion unit 15 a command for starting a transmission in the
slow data mode, 1.e., a command for inserting digital audio
signals into the audio frames dl1.

Upon recerving this command, the transmission unit 15
waits until the breakpoint of the block of the data for data
communication, and inserts the digital audio signals sup-
plied from the audio codec 14, into the audio frames dl1. As
a matter of course, no beep sound 1s inserted 1nto the packet
Pa 1n the slow data mode.

Next, a description 1s given of a data reproduction method
for a radio apparatus (the communication party station) that
has received radio signals generated according to the pro-
cedure shown 1 FIG. 5§ and transmitted by a radio apparatus
(the user’s own station). The controller 21 performs the
process ol reception data reproduction according to the
flowchart shown 1 FIG. 7.

The controller 21 retrieves the data 1n the data frames d2
from the data of the packet Pa, which has been reproduced
by the reception unit 18 from the radio signals, and then
writes 1t 1nto a built-in register (not shown 1n the drawing)
(Step S11). The controller 21 analyzes the information 1n the
mini-header d35, and determines whether or not the packet Pa
1s a packet transmitted in the fast data mode (Step S12).

As shown 1n FIG. 6, in a communication in the fast data
mode, data for data communication 1s 1nserted in the begin-
ning of the data part Pd of the packet Pa and in the audio
frames d1 after the second time period 12 has elapsed within
the first time period T1.

When determining that the data for data communication 1s
inserted i the audio frames d1 (Yes in Step S13), the
controller 21 1nstructs the reception unit 18 to retrieve the
data for data communication (8 bytes in the present embodi-
ment) from the audio frames dl1, while excluding data for
abnormal noise reduction (1 byte in the present embodi-
ment) from the audio frames d1 (Step S14).

Next, the controller 21 concatenates the data portions
retrieved from two adjacent audio frames dl and two
adjacent data frames d2 in reverse order to how the block 1s
created as described above, thereby reproducing the data for
data communication (Step S15). The data for data commu-
nication thus reproduced 1s output to the interface unit 19.

The controller 21 instructs the interface unit 19 to transfer
the reproduced data for data communication to the external
device (Step S16), and the imterface unit 19 outputs the
reproduced data for data communication to the external
device according to the mstruction. In this way, the data for
data communication 1s transmitted with increased speed to
the external device.

Meanwhile, as shown 1n FIG. 6, the audio signal of a beep
sound has been 1nserted in each audio frame d1 of the packet
Pa until the end of the second time period T2 within the first
time period T1. When determining that the beep sound data
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1s 1nserted in the audio frames d1 (No 1n Step S13), the
controller 21 instructs the reception unit 18 to retrieve the
beep sound data (9 bytes in this embodiment) contained in
the audio frames d1 (Step S17).

Next, the controller 21 instructs the audio codec 14 to
decode the beep sound data retrieved from the reception unit
18 (Step S18), and the audio codec 14 performs beep sound
decoding according to the mstruction from the controller 21.
The beep sound decoded and converted 1nto an analogue
audio signal 1s output from the speaker 12.

Therefore, the user of the radio apparatus 1 (communi-
cation party station) that has received the radio signals can
casily recognize that communication 1s performed 1n the fast
data mode, from the sequences of beep sounds that are
output 1n cycles of the first time period T1. This effect 1s
beneficial particularly when a radio apparatus that does not
support the fast data mode receives radio signals.

In parallel with Steps S17 and S18, the controller 21
concatenates the data portions retrieved from the data frames
d2 and stored 1n the register, thereby reproducing the data for
data communication (Step S19). The data for data commu-
nication thus reproduced is output to the interface unit 19.

Next, the controller 21 performs the above-described Step
S16, 1n other words 1nstructs the interface unit 19 to transter
the reproduced data for data commumnication to the external
device 31, and the interface unit 19 outputs the reproduced
data for data communication to the external device 31
according to the instruction.

In the above-described embodiment, it 1s preferable that
the first time period T1, which indicates the period of the
cycle of beep sounds, 1s approximately 1 second. Also, 1t 1s
preferable that the second time period T2, which 1s the
period during which beep sounds are emitted, 15 approxi-
mately 0.1 to 0.2 seconds, because the communication speed
decreases 11 the second time period T2 1s too long, and on the
other hand 1t becomes hard to recognize the beep sounds 1f
the second time period T2 1s too short.

In the above-described embodiment, the audio encoder 29
1s used for generating the beep sound. However, the means
for generating the beep sound 1s not limited to this. The
audio signal data in 1itself of the beep sound may be stored
in the non-volatile memory 235, and the controller 21 may
read the data and transmit it to the transmission umt 15
during the second time period T2.

The following summarizes preferable examples of the
embodiment of the present invention.

The data frame has a mini-header inserted therein, the
mini-header containing information describing a data type,
and the transmission unit writes, in the mini-header, the
information indicating that data for data communication 1s
inserted in the audio frame, as a portion of the information
describing the data type.

In communication 1n the fast data mode, the transmission
unit inserts notification sound data into the audio frame
according to an instruction from the controller, at intervals
of a first time period.

The radio apparatus further includes an audio encoder
configured to generate coded notification sound data, and the
audio encoder generates the coded notification sound data
according to an instruction from the controller, and outputs
the coded notification sound data to the transmission unit
during a second time period that 1s shorter than the first time
period.

The radio apparatus further includes an operation unit
configured to mput an instruction from a user to the con-
troller, and even during communication in the fast data
mode, the controller, upon receiving from the user via the
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operation unit an instruction to transmit an audio signal,
instructs the transmission unit to switch to communication 1n
a slow data mode that 1s a mode 1n which a digital audio
signal to be transmitted 1s inserted into the audio frame.

In a situation where an 1nstruction to transmit an audio
signal 1s not mput to the operation unit by the user, the
controller instructs the transmission umt to perform com-
munication in the fast data mode when receiving data for
data communication from an external device or a device that
1s built into the radio apparatus.

The operation unit 1s provided with a mode switch that
allows for selection of either the slow data mode or the fast
data mode.

Although the present invention has been fully described
by way of example with reference to the accompanied
drawings, 1t 1s to be understood that various changes and
modifications will be apparent to those skilled 1n the art.

Therefore, unless otherwise such changes and modifica-
tions from the scope of the present invention hereimafter
defined, they should be construed as being included therein.

What 1s claimed 1s:
1. A radio communication system including at least two
radio apparatuses,
cach radio apparatus 1s configured to:
generate a packet including a header part containing
identifier data identifying at least a transmission
destination radio station and a transmission source
radio station; and a data part 1n which an audio frame
and a data frame, each having a predetermined
length, are consecutively arranged one after another,
to msert audio signal data into the audio frame of the
packet and to 1nsert data other than the audio signal
data 1nto the data frame of the packet, and to there-
after convert the packet into a radio signal and
transmit the radio signal; and
receive the radio signal, to reproduce a packet from the
radio signal, to retrieve the audio signal data from the
audio frame of the packet, and to retrieve the data
other than the audio signal data from the data frame
of the packet; and
cach radio apparatus comprising:
an audio codec configured to generate a digital audio
signal by performing A/D conversion and encoding
on an analogue audio signal and to reproduce an
analogue audio signal by performing decoding and
D/A conversion on a digital audio signal; and
a controller configured to 1nstruct the radio apparatus to
generate a packet, and to reproduce a packet from a
received radio signal,
wherein, when communication 1s performed in a fast data
mode 1n which data for data communication to be
transmitted, mstead of audio signal data, 1s 1nserted in
the audio frame,
the radio apparatus serving as a sender generates, accord-
ing to an instruction from the controller, a packet 1n
which data for data communication i1s inserted in the
audio frame and the data frame, and information 1ndi-
cating that the data for data communication 1s mserted
in the audio frame 1s further inserted in a predetermined
position 1n the data frame, and
the controller serving as a recipient, which has received a
radio signal, analyzes the information inserted in the
predetermined position 1n the data frame of the packet
reproduced, to determine that the data for data com-
munication 1s inserted in the audio frame, and accord-
ing to a result of the determination, retrieves data from
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the audio frame and the data frame of the packet and
reproduces the data for data communication.

2. The radio communication system according to claim 1,

wherein the data frame has a mini-header inserted therein,

the mini-header containing information describing a
data type, and

the radio apparatus writes, in the mini-header, the infor-

mation indicating that data for data communication 1s
inserted in the audio frame, as a portion of the infor-
mation describing the data type.

3. The radio communication system according to claim 1,

wherein, 1In communication in the fast data mode, the

radio apparatus inserts notification sound data into the
audio frame according to an instruction from the con-
troller, at intervals of a first time period.

4. The radio communication system according to claim 3,

wherein the radio apparatus further comprises an audio

encoder configured to generate coded noftification
sound data, and

the audio encoder generates the coded notification sound

data according to an instruction from the controller, and
outputs the coded notification sound data during a
second time period that 1s shorter than the first time
period.

5. The radio communication system according to claim 1,

wherein the radio apparatus 1s further configured to input

an instruction from a user to the controller, and

even during communication 1n the fast data mode, the

controller, upon receiving from the user an instruction
to transmuit an audio signal, instructs the radio apparatus
to switch to communication in a slow data mode that 1s
a mode 1 which a digital audio signal to be transmaitted
1s inserted 1nto the audio frame.

6. The radio communication system according to claim 5,

wherein, 1n a situation where an instruction to transmit an

audio signal 1s not put to the operation unit by the
user, the controller instructs the radio apparatus to
perform communication in the fast data mode when
receiving data for data communication from an external
device or from a device that 1s built in the radio
apparatus.

7. The radio communication system according to claim 5,

wherein the radio apparatus i1s provided with a mode

switch that allows for selection of either the slow data
mode or the fast data mode.

8. A radio apparatus configured to generate a packet
including a header part containing identifier data identifying
at least a transmission destination radio station and a trans-
mission source radio station; and a data part in which an
audio frame and a data frame, each having a predetermined
length, are consecutively arranged one after another, to
isert audio signal data into the audio frame of the packet
and to insert data other than the audio signal data into the
data frame of the packet, and to thereafter convert the packet
into a radio signal and transmit the radio signal, the radio
apparatus, comprising:

an audio codec configured to generate a digital audio

signal by performing A/D conversion and encoding on
an analogue audio signal; and

a controller configured to instruct the radio apparatus to

generate a packet,

wherein, when communication 1s performed 1n a fast data

mode 1 which data for data communication to be
transmitted, instead of audio signal data, 1s 1nserted in
the audio frame,

the radio apparatus generates, according to an 1nstruction

from the controller, a packet in which data for data
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communication 1s mserted in the audio frame and the
data frame, and information indicating that the data for
data communication i1s inserted in a predetermined
position in the audio frame 1s further inserted 1n the data
frame.

9. The radio apparatus according to claim 8,

wherein the data frame has a mini-header 1nserted therein,

the mini-header containing information describing a
data type, and

the radio apparatus writes, 1n the mini-header, the infor-

mation indicating that data for data communication 1s
inserted in the audio frame, as a portion of the infor-
mation describing the data type.

10. The radio apparatus according to claim 8,

wherein, in communication 1n the fast data mode, the

radio apparatus inserts notification sound data into the
audio frame according to an instruction from the con-
troller, at intervals of a first time period.

11. The radio apparatus according to claim 10, further
comprising an audio encoder configured to generate coded
notification sound data,

wherein the audio encoder generates the coded notifica-

tion sound data according to an instruction from the
controller, and outputs the coded notification sound
data during a second time period that 1s shorter than the
first time period.

12. The radio apparatus according to claim 8, further
configured to mput an instruction from a user to the con-
troller,

wherein, even during communication in the fast data

mode, the controller, upon receiving from the user an
istruction to transmit an audio signal, instructs the
radio apparatus to switch to communication 1n a slow
data mode that 1s a mode 1n which a digital audio signal
to be transmitted 1s 1nserted into the audio frame.

13. The radio apparatus according to claim 12,

wherein, 1n a situation where an instruction to transmit an

audio signal 1s not mput by the user, the controller
instructs the radio apparatus to perform communication
in the fast data mode when receiving data for data
communication from an external device or from a
device that 1s built 1n the radio apparatus.

14. The radio apparatus according to claim 12,

wherein the operation unit 1s provided with a mode switch

that allows for selection of either the slow data mode or
the fast data mode.

15. The radio apparatus according to claim 8, further
configured to receive the radio signal, to reproduce the
packet from the recerved radio signal, to retrieve audio
signal data from the audio frame of the packet, and to
retrieve data other than the audio signal data from the data
frame,

wherein, when a radio signal transmitted 1n the fast data

mode 1s received,

the controller analyzes the information inserted i1n a

predetermined position 1n the data frame of the packet
reproduced, to determine that data for data communi-
cation 1s 1serted in the audio frame, and according to
a result of the determination, retrieves data from the
audio frame and the data frame of the packet and
reproduces the data for data communication.

16. A radio communication method for a radio commu-
nication system including at least two radio apparatuses, one
of the at least two radio apparatuses being configured to
generate a packet including a header part containing 1den-
tifier data identifying at least a transmission destination
radio station and a transmission source radio station; and a
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data part 1n which an audio frame and a data frame, each
having a predetermined length, are consecutively arranged
one after another, and to convert the packet mto a radio
signal and transmit the radio signal, and another one of the
at least two radio apparatuses being configured to receive the
radio signal and reproduce a packet from the recerved radio
signal, the radio commumication method comprising the
steps of:
with a radio apparatus serving as a sender,
generating a packet in which data for data communi-
cation 1s mnserted in the audio frame and the data
frame, and information indicating that the data for
data commumnication 1s 1nserted in the audio frame 1s
inserted 1n the data frame; and
converting the generated packet into a radio signal and
transmitting the radio signal, and
with a radio apparatus serving as a recipient,
receiving the radio signal;
reproducing a packet from the received radio signal;
analyzing information that 1s mserted in the data frame
of the reproduced packet to determine whether or not
data for data communication 1s mnserted 1n the audio
frame; and
when determining that the data for data communication
1s 1serted in the audio frame, retrieving data from
the audio frame and the data frame of the packet and
reproducing the data for data communication.
17. The radio communication method according to claim
16, further comprising the steps of:
with the radio apparatus serving as a sender, inserting
notification sound data into the audio frame at intervals
of a first time period and generating a packet, and
with the radio apparatus serving as a recipient, repro-
ducing a packet,
retrieving notification sound data from the audio frame
of the reproduced packet,
converting the notification sound data into an analogue
audio signal, and outputting the analogue audio
signal from a speaker.
18. A packet generation method for a radio apparatus that
performs communication with another radio apparatus by
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using a packet that includes a header part containing 1den-
tifier data identifying at least a transmission destination
radio station and a transmission source radio station; and a
data part 1n which an audio frame and a data frame, each
having a predetermined length, are consecutively arranged
one after another, the packet generation method comprising
the steps of:

with the radio apparatus,

determining whether or not the communication 1s per-

formed 1n a fast mode;

inserting data for data communication mto the audio

frame and the data frame; and

inserting, into a predetermined position 1n the data frame,

information indicating that the data for data commu-
nication 1s 1serted in the audio frame, and

when communication i1s performed 1n a fast data mode 1n

which data for data communication to be transmitted,
the data for data communication 1s iserted in the audio
frame 1nstead of audio signal data.

19. The packet generation method according to claim 18,
turther comprising the step of inserting notification sound
data for notifying the user that communication 1s performed
in the fast data mode by audible sound into the audio frame
at intervals of a first time period.

20. A method for reproducing data from a packet per-
formed by a radio apparatus that 1s configured to receive a
radio signal containing a packet generated by the packet
generation method according to claim 18, and to reproduce
the packet from the radio signal, the method comprising the
steps of:

analyzing information that 1s inserted 1n the data frame of

the reproduced packet to determine whether or not data

for data communication 1s inserted 1n the audio frame;
and

when determiming that the data for data communication 1s
inserted 1n the audio frame, retrieving data from the
audio frame and the data frame of the packet and
reproducing the data for data communication.
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